Abstract: I develop a two-period stochastic dynamic programming model to explain the interaction between fertilizer use and off-farm labor supply. I use a well-known sample of farmers in the semi-arid tropics of India to test the model. I find that fertilizer use responds strongly to wages in the village labor market and that irrigation raises fertilizer use, while larger farmers use less fertilizer than smaller ones. Response to one-sided production shocks, which measure effects of negative weather on labor supply, are particularly strong for female labor, indicating that it is more important for smoothing consumption than male labor.
I. Introduction
The primary means of "getting agriculture moving," and thus raising rural incomes, in developing countries has been the diffusion of new production techniques, especially highyielding varieties of seeds, chemical fertilizers, and pesticides. A major impediment to the adoption of such modern inputs has been thought to be the well-documented risk-aversion on the part of rural decision makers in developing countries (Moscardi and de Janvry (1977) , Binswanger (1980 Binswanger ( , 1981 and Antle (1987 Antle ( , 1989 ). Risk averse farmers will try to smooth consumption with both ex-antel and ex-post mechanisms.
The role of ex-post consumption smoothing and its effect on various aspects of rural household behavior is well documented. Rosenzweig and Wolpin (1993) show that sales of farm assets (e.g. bullocks) are used to smooth consumption by farmers whose income is lowered by a negative production shock. Rose (1994) shows that ex-post labor supply responds to weather shocks. Rosenzweig shows that inter-village transfers of wealth by family members are used to smooth consumption across villages. Townsend (1994) and Paxon (1993) show that household level consumption is largely explained by village-level consumption patterns, indicating that agents smooth most of the idiosyncratic shocks to income within the village.
Ex-ante mechanisms for risk mitigation, such as insurance, are not widespread in developing countries, and might be hard to implement in agrarian economies because of moral hazard problems.2 To the extent that consumption risk is imperfectly insured, farmers' exIEx-ante refers to the period before the uncertainty concerning yields has been resolved, and ex-post the period after uncertainty about crop yields is resolved.
2Nor, for that matter, are insurance mechanisms widely utilized among farmers in many developed economics. In many developed economies, the government acts as a sort of de ante choices will be distorted by risk-aversion. For example, Rosenzweig and Binswanger (1993) show that farmers in more risky areas deviate more from the optimal portfolio of assets, and that this deviation is worse among poorer farmers than wealthier ones. Indeed, risk aversion has been argued to play an important role in inhibiting the spread of modern inputs (Feder, Just and Zilberman, 1985) . Moreover, therisk-increasing role of modern inputs exacerbates the effect of risk aversion on production choices. For example, Rosenzweig and Shaban (1994) show that farmers use share-tenancy contracts to spread the risk of new seeds when they are first introduced and their cultivation properties are still uncertain. To the extent that farmers choose traditional inputs, such as organic fertilizers and traditional seeds, over modern inputs in order to lower their ex-ante risk, then any mechanism that allows farmers to smooth consumption ex-post will raise the use of modern inputs and increase farmer productivity. Moreover, ex-post choices should respond to shocks in a way that depends on ex ante choices. There are important distributional effects to such improvements, since poorer farmers are generally thought to be more risk-averse than wealthy farmers and so their choices will be more affected by exposure to risk.
I argue in this paper that farm households use off-farm labor supply to mitigate the effects of production shocks ex-post, and this leads to more efficient ex-ante production choices on the part of farmers, in particular greater use of chemical fertilizer. The organization of the paper is as follows: In Section II, I develop a two-period, stochastic dynamic programming model of a risk-averse, expected utility maximizing farmer who chooses the level of modern input and off-farm labor supply, and discuss the comparative facto insurer.
static results of the model. In Section III, I discuss the ICRISAT data set the variables used to test the model. In Section IV, I present estimates of and off-farm labor supply which show that off-farm labor supply responds weather shock for farmers who use chemical fertilizers than for those who briefly and describe fertilizer demand more sharply to do not. Section concludes.
II. Theoretical

Consider
Model
an expected-utility -maximizing farmer who produces a single crop over a two-period (intra-year) crop cycle.3 Assume that the farmer's preferences are characterized the v by a strictly concave utility function, U(I); U' > 0, U' O, where I is total income. Production decisions are made in two distinct periods, which are identified by a random production shock, O. It is most appropriate to think of the shock as measuring the timing and quantity of rainfall, although in some contexts a broader definition of weather uncertainty which incorporates temperature or natural disasters (such as hurricanes, volcanoes, etc.) might be more appropriate. The shock, which is fully known at the beginning of the second period, has mean 0, and a random component, ~, which the farmer cannot forecast using information available in the first period. In the first period, the farmer chooses the quantity of fertilizer, X.4 In the second period the farmer allocates household labor between labor used in crop production (1) and off-farm labor supply (L). The decision process is described schematically in Figure 1. 3This model is similar in spirit to that of Rose 41f labor use is proportional to fertilizer use in from the first-period problem will not bias the (1994) and Saha (1994 The household's labor constraint is given by:
where L is off-farm labor single good is assumed to Supply,s 1 is be perfectly
production labor, and ~ is total labor endowment. The storable between the end of period two and the beginning of period one, but to discussion of storage problems.
(2) . . decay completely at the end of period one, so that there is no Let Q denote output. The production technology is given in
where X is fertilizer; L-L is labor used in crop production, substituting in the constraint in (l); y is the share of irrigated land; the parameter k >0 measures the effect of irrigation on the response to the rainfall shock; f(X,L-L) has the properties of a neoclassical production function: fX >0, $>0, f,, >0, fXX <0, $1<0. Equation (2) decomposes the effect of weather into its mean and shock components. The random shock p is assumed to be i.i.d. across time with finite variance. The level of irrigation, y, increases mean output in a way that depends -on the expected value of the weather shock, 0, while the effect of the purely random component, ~ also depends on y, through the parameter 1.
The weather shock affects the wage earned in the off-farm labor market. Positive 5The term "off-farm' refers to any work performed outside of the households own agricultural production activities, whether that work is in the agricultural or nonagricultural sector. In fact, much of the off-farm work performed in the ICRISAT villages studied below is in fact on another farm. weather shocks increase the demand forlabor in the local labor market, raising the wage. The effect of the weather shock on wages depends on the share of non-agricultural employment in the local labor market, which we denote by d. The wage faced by the farmer reflects labor market conditions in both agricultural and nonagricultural employment, and depends on the village average wage and other factors:
here the index for the village has been suppressed on W. The parameter q > 0 captures the effect of the non-agricultural employment on the wage received by the farmer. The input price is q, and output price is normalized to one. The farmer's profits are:
The farmer uses the standard dynamic programming algorithm to solve the maximization problem (Intrilligator, 1971) . He first solves the second period problem by choosing the optimal allocation of labor between farm production and off-farm labor supply in the second period, conditional on his choice of fertilizer in the first period and the realization of the production shock. Since there is no uncertainty, the farmer's problem is to maximize profits. The first-order condition for the second-period maximization problem is given in (5):
Derivations of comparative static results are relegated to the appendix. Off-farm labor supply decreases with increases in the random component of the shock (~) if the effect of the shock on the marginal product of labor is greater than its effect on the wage received for offfarm work. Increases in the average wage always increase labor supply, by the second-order conditions. Off-farm labor supply decreases with increases in fertilizer use if fX1 >0, e.g. if fertilizer and production labor are complements. An increase in the farmer's share of irrigated land has an effect on labor supply that depends on the realization of the weather shock. For a negative weather shock, larger is his share of irrigated land.
the farmer always supplies less labor off-farm the A major conjecture in the above model is that farmers use ex-post responses to mitigate the effect of ex-ante decisions. So we expect an important interaction between various parameters affecting ex-ante decisions and second-period labor supply, e.g. &L/~~dX.
The interaction between the realization of weather uncertainty and fertilizer use depends on the third derivative of the production function, fllx. A necessary condition for &L/~e~X <0 to hold is fllx < (), although the sign cannot be determined a priori without placing more stringent restrictions on the parameters. In addition, we may consider the second order effects of various parameterizations on the response to the production shock. The effects of the production shock on off-farm labor are less important the greater the share of irrigated land if the shock is "small" and if the shock affects the marginal product of labor more than the wage in the off-from labor market.
In the first period, the farmer chooses the quantity of fertilizer to maximize the expected utility of profits, EO{U(T) } . The first-order condition is:
The farmer under-utilizes fertilizer, in the sense that the expected marginal product of fertilizer is greater than its price. Thus expected profits could be raised by increasing Rosenzweig and Binswanger (1993) and Skoufias (1994) , for some interesting uses of the same data. The data are described in detail in Walker and Ryan (1986) .
7Data are available from three of the study villages for ten years; three other original villages were studied for a shorter time period then dropped; data on two other villages is available for four years and two of the villages were sampled for only two years. However, complete data on assets were not collected for 1975 and 1984, so I dropped those years from my sample. Data on time specific wages were only available through 1976-1977 for some of the initial villages, and those were dropped as well.
Aurepalle, Shirapur and Kanzara--and two villages added to the sample in 1980: Boriya and Rampura. The villages of Papda and Rampura Kalan were dropped from the sample because they didn't report any use of fertilizers during the sample period.
Agricultural production in the semi-arid tropics is characterized by two main growing seasons. The rainy (kharif) season begins with the onset of the monsoon when soils are waterrich and germination is easy. The post-rainy (rabi) season, which is somewhat less important in overall agriculture, begins after the monsoon, drawing on moisture stored in the soil after rainy-season crops have been grown. The model of pre-and post-shock decision-making is appropriate only for kharifcrops; it is a poor description of decision-making for dry season crops. Moreover, weather is a major source of the uncertainty surrounding households' production environment and can be easily summarized by the timing and amount of rainfall.
Crop yields are highly susceptible to variations in the timing and duration of the monsoon. Rosenzweig and Binswanger (1993) found that household profits from crop production are correlated with the monsoon onset date and Skoufias (1994) found total agricultural output to be strongly dependent on the monsoon onset as well.
The ICRISAT mitigation on ex-ante data set is well-suited to considering the effect of ex-post risk decision making because it contains information on the timing of production and labor supply choices by the household, which allows ex-ante decisions to be disentangled from ex-post decisions.g Time-specific wage information allows identification of the pre-shock and post-shock wages as well. This ability to identify pre-shock and post-shock 'In Lamb (1994) , I consider the possibility but those results are less than satisfying.
of identifying ex-post decisions from annual data, wages allows for identification of the separate effects of the wages realized on the farmer's decision to use modern inputs and allows for the separate estimation of ex-ante and ex-post labor supply. Finally, the regions covered by the ICRISAT data set have seen the introduction of high-yielding varieties of some crops, improved technology for irrigation, and chemical fertilizers, with varying degrees of success. Table I contains a listing of the variables used in estimation. To construct household labor supply, I used Rosenzweig and Binswanger's (1993) definition of the monsoon onset and end dates to distinguish between activities that occurred before the end of the monsoon --period one in the model --and those that occurred after the monsoon ended --period two in the model. Off-farm labor supply is average hours worked per day in all activities not related to production on the respondents own plots, including farm work for others and nonfarm work. Period-specific village-average wages were defined using information on time and type of task: I used the wage for crop work reported in the early part of the sample and the wage for agricultural work in the second half of the sample.9 The wage in agriculture is divided by the village-level consumer price index to create the real village-level wage (Walker and Ryan, 1990, p. 28) . I distinguish between the pre-shock and post-shock wages using monsoon onset and end dates from Rosenzweig and Binswanger. The real price of chemical fertilizer in the village is calculated similarly. Total area farmed by the household includes 9The structure of the ICRISAT questionnaire changed in 1979; from 1975 to 1978 respondents were asked how many hours they worked the previous day in various activities. After 1978 households were asked how many hours they had worked since the last interview. This necessitated some adjustment in how I created labor supply variables: After 1978 I constructed average daily labor supply (in hours) by dividing total hours worked by the number of days in the sample period.
sharecropped, rented and owned land, and accounts for double cropping, an important practice among the ICRISAT households. The share of total cropped area that is irrigated affects the shock's impact on output. Several different rainfall variables, measured as the deviation from the village average (as well as their interactions with other variables) were used in estimation, including: the monsoon onset date, the monsoon end date, the frequency of days during the monsoon which experienced some rainfall, and total rainfall during the monsoon.l" I created total nominal assets held by the family by summing across household stocks, farm implements, farm buildings, and farm livestock, and financial assets and liabilities. I deflated nominal assets by the village-level CPI to create real assets.
IV. Empirical Results
IV.1 Empirical Analysis of Wages
The model presented here argues that the village-level wage in the second-period responds to the rainfall shock, in a way which may depend on the extent to which the local labor force is affected by industrialization. If this model is correct, there is an unanticipated "surprise" in the second-period wage which the farmer cannot forecast at the beginning of the crop cycle. This wage surprise should be correlated with the village-level weather shock.
Unfortunately, the ICRISAT data have only limited information available on the extent of non-agricultural employment in the study villages.
I first examined the wage response to rainfall variables using the wage paid to male laborers. In order to estimate the surprise in the wage structure, I regressed the second-period wage against the first-period wage using village-level fixed effects. I took the residual from 1°1 am grateful to Mark Rosenzweig for making these data available.
that model as the measure of the surprise in wages, e.g. the unanticipated movement in wages in the second period which the farmer could not have forecast at the beginning of the first period. This assumes that the farmer can use the first-period wage, but no other information, to forecast the second period wage.11 This is a less-than-perfect estimate of the true response of wages to available to the weather shock since it may not include all the information the farmer has forecast second-period wages. The farmer himself has knowledge of a number of other factors which may the local labor market al affect the response of wages to the shock, including information on the beginning of the crop cycle. The farmer also has years of experience with the local labor market which offer insight in to how the market is likely to respond to the weather shock.12
Using only the information on the weather shock and not controlling for the effect of mitigating factors, I found the following relationship: SHOCK = .0029 -.00177 * ONSET. (7) (0.248) (-2.186) where SHOCK measures the shock to the second-period male wage as defined above and 1lA more extensive analysis would include all factors that might affect the farmer's forecast of the second period wage. For example, the extent of modernization of traditional agriculture might affect the response of the second period wage. Use of chemical fertilizer (and highyielding varieties of seeds) will increase the effect of a positive production shock since crop output will respond even more to the weather shock. I consider the effect of fertilizer use below.
12For example, the specification here fails to take account of the fact that the local labor market may be in disequilibrium. If the farmer knew that the local labor market was in disequilibrium, e.g. there was excess supply of labor which had not been absorbed in the market, he would know that the effects of the shock were likely to be slight.
ONSET measures the deviation of the monsoon onset date from its mean .13 Standard tstatistics based on 50 observations are given in parentheses. The ONSET variable is statistically significant at a two and one-half percent confidence level (using a one-tailed test), e.g. a delay in the onset of the monsoon increases the random component of the second period wage, ceteris paribus. The R-squared in the regression was only .09, indicating that the monsoon onset explained somewhat less than ten percent of the shock to second period wages.
Any factor which is known to the farmer in the first period may be useful in forecasting the second period wage, and if farmers make efficient forecasts they will use all available fertilizer fertilizer prices in information. Since the paper argues that there is an important interaction between use in the first period and wages, we might expect an important interaction between prices and the second period wage. I attempted to test the importance of fertilizer determining the second period wage. I regressed the second period male wage against the first period male wage and the real price of fertilizer in the village. I then used the residual from this regression as the dependent variable in the second regression, e.g. as a measure of the shock to wages in the second period.
If the model is a reasonable description of reality, we would expect fertilizer prices to tell us something about second period wages. In fact, the coefficient on the real price of fertilizer in the first stage regression had a p-value of only .06, indicating that it was only marginally significant. In the second stage regression, however, I found that none of the rainfall measures were statistically significant in explaining the wage shock by themselves.
13A positive deviation in the monsoon onset date means that the onset has been delayed, e.g. it corresponds to a negative weather shock in the theoretical model. However, in a regression of the shock against all four rainfall measures, two of the four coefficients were statistically significant at the five percent level, and one was significant at the 10 percent level. Oddly enough, the monsoon onset date is no longer statistically significant. The regression is reported in equation (8) As before, I also calculated the surprise in wages as the residual from a regression of second period wages against first period wages andthe real price of fertilizer. Regressions of these shock measures against the rainfall variables, and their interactions with government work programs are reported in columns (2) and (4). The effect of various measures of rainfall on these wage "shocks" is similar to the previous definition of the shock for male wages (column 2). Now the monsoon onset is not statistically significant when interacted with the dummy for works programs, but the F-test for joint significance of all interaction variables has a lower p-value associated with it. However, for female wages, coefficients on two of the rainfall variables interacted with the dummy for a government work program are now statistically significant at the one percent level in these regressions. MOreover, an F-test rejects the null hypothesis of no relationship between the government programs and the wage shock at less than the five percent significance level. Moreover, the sign on the coefficients on the interaction terms are always opposite to the signs of the coefficients on the direct rainfall measures, indicating that the government program cushions the response of secondperiod wages to weather shocks.
IV.2 Fertilizer Demand
To estimate fertilizer demand, I considered a linear approximation to the decision rule implied in equation (6). The linear approximation can be thought of as first-order approximation to the true demand equation, which depends on assumptions about the utility function, including the degree of risk-aversion. Letting "i" index individuals and "t" index time, fertilizer demand may be written as14:
Complications arise from two characteristics of the data. First, for some households, no fertilizer will be used in production, or no labor will be supplied off-farm or, which gives rise to the censoring model first discussed by Tobin (1956) . Equation (9) allows the intercept term in each equation to vary between households in the sample, but to be constant for a given household over time.15 If the intercept term is treated as a non-stochastic parameter to be estimated for each household, the model generates fixed-effects or "within" estimates, e.g.
only the variation within a household is used in determining the relationship between variables.
To account for both the censoring in the dependent variable and the panel nature of the data, I use a fixed-effects Tobit estimator to estimate both fertilizer demand and off-farm 14 While these equations form part of a system of derived demand and supply equations arising from the optimization model, I ignore the cross-equation relationships between the dependent variables in the present study.
15This is consistent with the fact that there is no role in the model for learning.
labor supply.lG However, including a dummy variable to account for each household and then using standard Tobit estimation yields results which are unbiased, but not consistent as the number of individuals increases and the number of time periods is constant. The inconsistency arises because as the number of individuals increases, the number of coefficients to estimate increases at the same rate. Honore (1992) proposes trimmed least-absolute deviation (LAD) and trimmed least-squares (LS) estimators which do not make distributional assumptions on the error terms in the equations. Honore shows that the difference between Xi,, and Xi,~+l --Xi,~+l -Xi,, --is distributed symmetrically around the true regression line even if
Xi,~ and Xi,~+l are censored. Taking the absolute value of the "trimmed" deviations yields
Honore's trimmed LAD estimator, and squaring the deviations yields the trimmed LS estimator. Honore shows that the trimmed estimators are consistent and asymptotically normal when the underlying model is accurately described by fixed effects. Since they do not estimate the fixed effects directly, they are consistent as the number of individuals goes to infinity and the number of time periods is fixed. This approach is ideally suited for the case of short panels, such as the ICRISAT data.
Estimates of the fertilizer demand equation using Honore's fixed-effects Tobit estimator are reported in Table 3 . The dependent variable is fertilizer use per acre of total cropped area. I first estimated the demand equation using first period wages, the real price of fertilizer, share of irrigated land, total cropped area, real assets, and the standard deviation of
IGFailure to control for fixed effects will bias estimates if there are included variables which are correlated with the omitted fixed-effect terms. This may be important in explaining the coefficient estimates for total area farmed, which I report below.
various measures of the village-level weather shock interacted with onthe real price of fertilizer was not statistically significant. Both female wages were statistically significant at the one percent level, assets. 17 The coefficient first-period male and but the coefficients were of opposite signs. The coefficient estimates indicated that fertilizer and first-period female labor were complements but fertilizer and male labor were substitutes in production. A higher share of irrigated land increased fertilizer use, and farmers who cropped a larger area used less fertilizer per acre than smaller farmers. The negative relationship between area and fertilizer use is consistent with the inverse productivity relationship, which says that smaller farmers tend to farm more intensively. Neither total assets nor household assets were statistically significant in the regressions at any reasonable significance level.
I tested for the joint statistical significance of coefficients on various measures of the spread in the distribution of the rainfall shock interacted with household assets, but I could not reject a null hypothesis that the variability of rainfall had no effect on fertilizer use, using chi-squared tests. These generally support the theoretical result that fertilizer demand does not necessarily decrease with increases in risk, measured as variability of the random production shock.
I also estimated the fertilizer demand equation including controls for second-period wages. While the second-period wages are not knownat the time fertilizer decisions are made, second-period wages arenotuncorrelated with first-period wages. To the extent that farmers' forecasts of second-period wages effects their decision to use fertilizer, omitting them from the regression biases coefficient estimates. The only coefficient estimates which are 17Fixed-effects estimation precludes use of the standard deviation in the regressions.
changed substantially by including the second-period wages are the estimates of first-period wage coefficients. When I control for second-period wages, first-period male labor and fertilizer are now complements. The estimated coefficients on second-period wages for both male and female labor are positive, indicating that second-period labor and fertilizer use are substitutes.
IV.3 Off-farm Labor Supply
One important theoretical results of the model above is that farmers use off-farm labor supply in the second period to mitigate the effects of production shocks, and that those shocks are likely to be more important when farmers use chemical fertilizers. Fertilizer use represents an important production decision for farmers in India's semi-arid tropics, since it is an important purchased input and a source of increased output and increased risk. Accounting for fertilizer use, the weather shock has both a direct and indirect effect. While a positive (negative) shock raises (lowers) the marginal product of on-farm labor, it raises (lowers) the marginal productivity of production labor more when a farmer uses chemical fertilizers.
Moreover, since the fertilizer is a purchased input, a negative production shock has an income effect related to the household's expenditure on fertilizer.
I estimated the second-period labor supply equation for male and female labor separately. Separate estimation by gender is justified, since labor markets in the study villages are largely segregated by sex.ls I used Honore's fixed-effects Tobit estimator to provide consistent estimates in the presence of fixed effects across time. I consider two 18 Women are prevented from touching the plow by taboo, and men do not perform domestic chores by custom (Walker and Ryan, 1990, p. 110) . supplied off-farm. Both male and female labor were characterized by a backward-bending labor supply curve, and for both males and females, second-period labor and first-period labor were complements. I found that households with relatively greater cropped area tended to supply less male labor to the off-farm market, but that there was no significant relationship between female labor supplied off-farm and the total area farmed. In a static decision-making model, if agents are risk averse, and have declining relative risk aversion, then wealthier households will be less likely to over-supply labor to the wage labor market. The coefficient on real assets was not statistically significant. To the extent that real assets affect secondperiod labor supply only through first-period choices, and I explicitly control for first-period variables in these regressions, it is not surprising that the coefficient was not significant. The share of irrigated land was not statistically significant, even when interacted with various rainfall measures. A chi-squared test for the joint statistical significance of the direct weather shock variables rejected a null-hypothesis of no significance at the 10 percent level. The more striking set of relationships is the interaction between fertilizer use and the various measures of the rainfall shock. For male labor supplied off-farm, few of the interaction terms were statistically significant by when included directly in the regression. However, I rejected the null hypothesis that all the fertilizer variables were not significant at less than the one percent level. For female labor supply, coefficients on each of the interaction terms was statistically significant at less than the one percent significance level. These results indicate that female labor supplied off-farm is highly sensitive to the production shocks affecting farm output.
Columns (1) and (3) of Table 5 contain coefficient estimates (t-statistics are in parentheses) and the results of some chi-squared tests. For both male and female labor supply increases in the price of fertilizer raise off-farm labor supply in the second period indicating that production labor and fertilizer are complements (fXl > O). Both male and female labor have backward bending supply curves. The wage effects are conditional on the weather shock, e.g. they measure the response to wages for a given realization of the weather shock.19
The comparative static results predict that the response of (off-farm) labor supply in the second period to weather shocks depends crucially on first-period choices, and that the response will be stronger the greater is fertilizer use. For both male and female labor supply the empirical results support the theoretical result: off-farm labor supply responds to the weather shock primarily through its interaction with first-period choices. There is no statistically significant direct relationship between the rainfall shock and off-farm labor supply, exclusive of interactions with fertilizer use: Chi-squared test for the joint significance of the 4 rainfall variables failed to reject the null hypothesis at the five percent level. Chisquared tests for the joint significance of ~ fertilizer variables--those measuring the direct effect and those measuring the interaction of fertilizer variables and the shock variable--reject the null hypothesis at less than a 1 percent significance level.
The comparative static results derived in the appendix indicate the response of the 191 also included several terms which measure the interaction of rainfall with other variables, e.g. fertilizer use and irrigation.
second-period labor supply is different for negative and positive shocks. To test whether this pattern was confirmed in the data, I constructed one-sided shock variables corresponding to a negative production shock. Increases in the monsoon onset date are a negative production shock, so I created one-sided shock variables that are equal greater than zero, and zero otherwise. An earlier monsoon shorter monsoon, and was treated as a negative shock, so I to the deviation of the monsoon end date from the average to the shock when the shock is end date, however, indicates a created a variable that it is equal end date when this is less than zero, and zero else. Similar "one-sided" variables were created for the frequency of days with rainfall, and total rainfall during the monsoon.20
Estimates when I include the one-sided shocks and condition on the quantity of fertilizer used and first-period off-farm labor supply are reported in columns (2) and (4) of Table 4 . For female labor supply, the one-sided weather shocks are highly statistically significant: the chi-squared statistic for joint significance has a p-value less than 1 percent.
For male labor supply, the one-sided shocks are not statistically significant at even the ten percent level. The general pattern of coefficient estimates for other variables is not much different from estimates in which I did not use one-sided variables in the regressions.
However, for regressions when I condition on one-sided shocks, the coefficient on fertilizer intensity is -no longer statistically significant at any reasonable level. These results indicate that female labor supply responds much more acutely to negative production shocks than does male labor supply. Results using the one-sided shock variables, and conditioning on the first-20 The choice of which half of the variable to control for is arbitrary. Since I include rainfall shock variable in the regression as well, the other side of the shock variable is controlled for.
the full period prices, are shown in columns (2) and (4) of Table 5. generally similar tothe previous case. Thechi-squared test
Most coefficient estimates are statistic for joint significance of the one-sided shocks has a p-value of 0.2 percent for the equation explaining female labor supply, but is not significant at the five percent level in the male labor supply equation.
It is useful to compare these coefficients to those estimated for fertilizer demand. In the fertilizer demand estimates (table 3) , I found that first-period female labor and fertilizer use were complements, and second-period female labor and fertilizer were substitutes. In the labor supply equations, fertilizer and second-period female labor were also substitutes. The relationship between fertilizer use and male labor was statistically weak. However, in labor supply eqautions, fertilizer irrigation were statistically minimal role in explaining variables were highly statistical significant. While size and significant in explaining fertilizer demand, they played only a labor supply. Assets were not important in either the fertilizer regressions or the labor-supply equations.
V. Conclusion
I develop a two-period stochastic dynamic programming model to describe the effect ofoff-farm labor on fertilizer use by a risk averse, utility maximizing farmer. I find that in the model the farmer supplies less labor off-farm the more fertilizer he uses and that increases in the share of irrigable land should decrease off-farm labor supply and increase the use of chemical fertilizers. I use a well-known data set on a sample of farmers in the semi-arid tropics of India to test the model. I find that the farmers use more fertilizer the greater is their share ofirrigated land and that larger farmers use fertilizer less intensively. More importantly, fertilizer use responds to both male and female wages, although the response is stronger to female wages. Empirical results on post-monsoon important interactions between fertilizer use and the effect oft abor supply show that there are le weather shocks on off-farm labor supply. The direct effects of the weather variables are only marginally statistically significant. I found that female labor supply was much more sensitive to the surprise in weather variables than was male supply.
These results imply that programs designed to promote the use of modern inputs such as fertilizer --which raise average yields but increase risk as well --should consider carefully the interactions between production decisions and participation in the labor market. The impact of negative production shocks on women in developing countries should be carefully considered when promoting modernization of traditional agriculture. In addition, the role of the labor market in smoothing consumption in the face of production shocks should be noted.
A well-designed government work scheme could take the place of a lending program to mitigate the effects of negative production shocks. Programs which make the second-period wage less responsive to shocks should raise fertilizer use. Table 1 Variable Names Used in ICRISAT Models by the second-order conditions. Likewise, consider the effect of the production shock on secondperiod labor supply:
If the shock raises the marginal productivity of labor by more than it raises the e.g. (l-y)afl > d~, then dL/do < 0 holds, farmer's supply less labor off-farm production shock. The direct effect of irrigation on second-period labor supply Off-farm labor supply is lower the greater is the share of irrigated land if and only if could actually increase. While this result is incidental to the nature of the modelling exercise, it is intuitive: toomuchrain does not increase agricultural production. Off-farm labor also responds to the quantity of fertilizer used by the farmer in the first period:
L/ax = flx/fll.
If fertilizer and labor input are complements in production, which is reasonable since fertilizer used raises the marginal productivity
The effect of the exogenous of labor, then dL/dx <0.
variables and model parameters on the response to the production shock and the effect of fertilizer usage on various parameters of the model are also of interest. Consider first the effect of an increase in fertilizer use onthe response of secondperiod labor to the rainfall shock:
The intuition of the model predicts that &L/~edX <0. A sufficient condition for this to hold is that shock. which fllx >0. Now consider the effect of y on the response of second-period labor supply to the rainfall Recall that there is both a mean effect and a risk effect:
is positive if 1(l-y)A-le + 3 >0.
II. First-Period Problem
The first-order condition for the first-period problem is given in (A.2):
Rearranging terms yields
With no uncertainty, the first-order condition would require y~fX -q = O, which is equivalent to setting the first term in equation (7) The denominator is positive by SOC, and the second term is negative by the concavity of the utility function and the fact that marginal product of fertilizer is positive. The sign of the first term depends on the relative impact of a production shock on farm production versus the impact on the wage in the wage labor market. If the term (1 -y)~ f(") + d~L > 0, then the effect can not be signed a priori.
